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(54) INTEGRATED CIRCUIT SAW BOW BREAK POINT

(57) A saw bow is provided and designed such that
the conductors of the saw bow will break at a predictable
location when using modern dicing techniques. This re-
sults in a break in the circuit provided by the saw bow,
with any exposed conductors not being on the die side.

Further, by providing a known breaking point in the saw
bow, modern dicing techniques such as plasma dicing
can be used, thereby allowing for the saw lane to be
made narrower, which will in turn increase the number
of wafers that can be included on a wafer.
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Description

BACKGROUND

FIELD

[0001] This disclosure relates generally to integrated
circuit manufacturing, and more specifically, to modifying
integrated circuit die saw bows for consistent breakage
location during singulation.

RELATED ART

[0002] Wafer testing is a step performed during semi-
conductor device fabrication. During this step, which is
performed before a wafer is sent to die preparation, in-
dividual integrated circuits on the wafer are tested for
functional defects by applying special test patterns to
them. Wafer testing is often performed by a piece of test
equipment called a wafer prober. During wafer testing,
probes are applied to contacts on each die on the wafer
to communicate with the circuitry within the die. Test pat-
terns can be provided to the circuitry and responses reg-
istered by the probes. The wafer prober can also exercise
any test circuitry present on wafer scribe lines.
[0003] Once testing is completed, the individual device
die is separated from the wafer (and neighboring device
die) during a singulation process. Historically, device die
was singulated from the wafer using a saw that cut
through scribe lines between the die on the wafer. As
device die sizes have become smaller and smaller and
the number of die on a wafer have increased, wafer sin-
gulation techniques have moved to stealth dicing and
plasma dicing to allow for smaller scribe lines. These
techniques do not involve sawing the die for singulation,
but instead provide regions where the die can be broken
apart along the scribe line.
[0004] Wafer testing can involve the use of test contact
pads on the device die. Test pads can be configured to
be disabled after the testing process. Commonly, a circuit
path external to the device die is provided to connect
circuitry within the device die to the test pad. The external
circuit path, called a saw bow, loops through the scribe
line region and is designed to be cut during singulation,
thereby disabling test pad access to the test circuitry.
Other uses for a saw bow can include connecting internal
circuitry within the device die for programming purposes
during the test and configuration phase while still on a
wafer but disabling that functionality after singulation.
[0005] In order for internal circuitry within a die to re-
main secure after singulation, a clean break of the saw
bow connection must be ensured. While sawing device
die apart does guarantee a clean cut through the saw
bow, the newer techniques of stealth dicing and plasma
dicing cannot guarantee a clean break without potentially
exposing some of the circuit path. This can result in a
region where the saw bow path can short together, there-
by defeating the purpose of severing the saw bow path

or providing a potential contact path for illicit communi-
cation to the circuitry within the die.
[0006] It is therefore desirable to provide a saw bow
conductive path that can predictably break in an area that
will result in no exposed conductors at the die side when
using modern techniques for device die singulation.

SUMMARY

[0007] In accordance with a first aspect of the present
disclosure, a semiconductor wafer is provided, having a
plurality of semiconductor device dies arranged in a grid
pattern, the semiconductor wafer comprising: a first sem-
iconductor device die; a second semiconductor device
die, neighboring the first semiconductor device die in the
grid pattern and separated from the first semiconductor
device die by a dicing lane; and a first conductor extend-
ing from a side of the first semiconductor device die into
the dicing lane and extending toward the second semi-
conductor device die, entering the second semiconduc-
tor device die, and ending within a seal ring region of the
second semiconductor device die, wherein the first con-
ductor is formed such that a first region of the first con-
ductor located nearer to the first semiconductor device
die in the dicing lane has a lower tensile strength than a
second region of the first conductor located nearer to the
second semiconductor device die.
[0008] In one or more embodiments, the semiconduc-
tor wafer further comprises: a second conductor extend-
ing from the side of the first semiconductor device die
into the dicing lane and extending toward the second
semiconductor device die, entering the second semicon-
ductor device die, and ending within the seal ring region
of the second semiconductor device die, wherein the sec-
ond conductor is formed such that a first region of the
second conductor located nearer to the first semiconduc-
tor device die has a lower tensile strength than a second
region of the second conductor located nearer to the sec-
ond semiconductor device die, and the second conductor
is parallel to the first conductor; and a third conductor
that electrically couples the first conductor to the second
conductor at the ends of the first and second conductors
within the seal ring region of the second semiconductor
device die.
[0009] In one or more embodiments, a distance be-
tween the first conductor and the second conductor is
about 2 mm.
[0010] In one or more embodiments, the first and sec-
ond conductors are within a same metal layer of one or
more metal layers implemented on the semiconductor
wafer.
[0011] In one or more embodiments, the first and sec-
ond conductors are within different metal layers of one
or more metal layers implemented on the semiconductor
wafer, and the second conductor is located above the
first conductor.
[0012] In one or more embodiments, the first conductor
is formed such that the first region of the first conductor
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has a lower tensile strength than the second region of
the first conductor by virtue of the first conductor having
a narrower width in the first region than the second region.
[0013] In one or more embodiments, the first conductor
comprises a third region between the first and second
regions, the third region has a width of approximately 0.3
mm, and the first region has a width of 85% or less than
that of the third region.
[0014] In one or more embodiments, the second region
has a width of greater than 0.3 mm.
[0015] In one or more embodiments, the first conductor
is formed such that the first region of the first conductor
has a lower tensile strength than the second region of
the first conductor by virtue of the second region of the
first conductor comprising an approximate shape of an
isosceles triangle, a base of the isosceles triangle is the
end of the first conductor nearer to the second semicon-
ductor device die, the base of the isosceles triangle is
approximately three times a width of the first conductor
in the first region, and a tip of the isosceles triangle is
subsumed within the first conductor toward the first re-
gion.
[0016] In accordance with a second aspect of the
present disclosure, a method is conceived of providing
a saw bow to a semiconductor device die on a wafer, the
method comprising: forming integrated circuitry within
one or more metal layers on a wafer, wherein the inte-
grated circuitry is arranged in a grid pattern of a plurality
of device die regions including a first semiconductor de-
vice die region and a second semiconductor device die
region, and the first semiconductor device die region is
separated from the second semiconductor device die re-
gion by a dicing lane; and forming a first conductor ex-
tending from a side of the first semiconductor device die
region into the dicing lane and toward the second semi-
conductor device die region, wherein the first conductor
is coupled to a metal layer of the one or more metal layers,
the first conductor ends within a seal ring region of the
second semiconductor device die region, the first con-
ductor comprises a first region located nearer to the first
semiconductor device die region and a second region
located nearer to the second semiconductor device die
region, and the first conductor comprises a lower tensile
strength in the first region than the second region.
[0017] In one or more embodiments, the method fur-
ther comprises: forming a second conductor extending
from a side of the first semiconductor device die region
into the dicing lane and toward the second semiconductor
device die region, wherein the second conductor is cou-
pled to the metal layer, the second conductor ends within
the seal ring of the second semiconductor device die re-
gion, the second conductor comprises a first region lo-
cated nearer to the first semiconductor device die region
and a second region located nearer to the second sem-
iconductor device die region; the second conductor com-
prises a lower tensile strength in the first region than the
second region; and forming a third conductor to electri-
cally couple the first conductor to the second conductor

at the ends of the first and second conductors in the seal
ring of the second semiconductor device die region.
[0018] In one or more embodiments, the first semicon-
ductor device die region comprises another metal layer
of the one or more metal layers, and the method further
comprises: forming a second conductor extending from
a side of the first semiconductor device die region into
the dicing lane and toward the second semiconductor
device die region, wherein the second conductor is cou-
pled to the other metal layer, the second conductor ends
in or near the seal ring of the second semiconductor de-
vice die region, the second conductor comprises a first
region located nearer to the first semiconductor device
die and a second region located nearer to the second
semiconductor device die, the second conductor com-
prises a lower tensile strength in the first region than the
second region; the second conductor is above the first
conductor and approximately parallel to the first conduc-
tor and about the length of the first conductor; and forming
a third conductor to electrically couple the first conductor
to the second conductor in the seal ring of the second
semiconductor device die region.
[0019] In one or more embodiments, the third conduc-
tor is a metal-filled via.
[0020] In one or more embodiments, said forming the
first conductor such that the first conductor comprises a
lower tensile strength in the first region than the second
region further comprises: forming the first conductor to
have a narrower width in the first region than in the second
region.
[0021] In one or more embodiments, etching wafer ma-
terial from the dicing lane to perform plasma dicing of the
first semiconductor device die from the second semicon-
ductor device die region; and subjecting the first conduc-
tor to a tensile force after said etching, wherein the tensile
force is sufficient to break the first conductor in the first
region.
[0022] In one or more embodiments, the first conductor
forms at least a part of a conductive pathway to test cir-
cuitry formed within the first semiconductor device die
region and the conductive pathway is eliminated upon
the breaking of the first conductor.
[0023] In accordance with a third aspect of the present
disclosure, a semiconductor device die is provided, hav-
ing integrated circuitry implemented in one or more metal
layers, the semiconductor device die comprising: a first
conductor exposed within a recess formed in a first side-
wall of the semiconductor device die, wherein the first
conductor has a first width; and a second conductor ex-
posed at a surface of a second sidewall of the semicon-
ductor device die, wherein the second sidewall is oppo-
site the first sidewall, the second conductor has a second
width, and the second width is larger than the first width.
[0024] In one or more embodiments, the semiconduc-
tor device die further comprises: a third conductor ex-
posed within another recess formed in the first sidewall
of the semiconductor device die.
[0025] In one or more embodiments, the first conductor
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and the third conductor are formed within a same metal
layer of the semiconductor device die.
[0026] In one or more embodiments, the first conductor
and the third conductors are formed within different metal
layers of the semiconductor device die.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the present invention may be
better understood by referencing the accompanying
drawings.

Figure 1 is a simplified block diagram illustrating a
portion of a semiconductor wafer with individual in-
tegrated circuit dies formed thereon.
Figures 2A, 2B, and 2C illustrate a saw bow con-
struction and severing process using plasma dicing
of prior art structures.
Figures 3A and 3B illustrate an additional saw bow
construction and severing process using plasma dic-
ing for smaller saw bow dimensions.
Figures 4A and 4B illustrate a saw bow configured
to predictably break to expose metal on the loop side
of the bow subsequent to plasma etching, in accord
with one embodiment of the present invention.
Figures 5A and 5B illustrate another saw bow con-
figuration designed to predictably break to expose
metal on the loop side of the saw bow subsequent
to plasma etching, in accord with one embodiment
of the present invention.
Figure 6A and 6B illustrates vertical saw bow con-
figuration designed to predictably break to expose
metal on the loop side of the saw bow subsequent
to plasma etching, in accord with one embodiment
of the present invention.

[0028] The use of the same reference symbols in dif-
ferent drawings indicates identical items unless other-
wise noted. The figures are not necessarily drawn to
scale.

DETAILED DESCRIPTION

[0029] Embodiments of the present invention provide
a saw bow designed such that the conductors of the saw
bow will break at a predictable location when using mod-
ern dicing techniques. This results in a break in the circuit
provided by the saw bow, with any exposed conductors
not being on the die side. Further, by providing a known
breaking point in the saw bow, modern dicing techniques
such as plasma dicing can be used, thereby allowing for
the saw lane to be made narrower, which will in turn in-
crease the number of wafers that can be included on a
wafer.
[0030] Traditionally, an integrated circuit saw bow is
sawed through after wafer testing, so that an end cus-
tomer cannot access the electronic content of the die or
that the die can be placed in a non-testing mode. New

die separation techniques, such as stealth dicing and
plasma dicing, do not use a sawing process and therefore
saw bow metal is broken during die singulation. The lo-
cation of a break in the saw bow metal is less predictable
than sawing and has the potential to cause shorting in a
singulated die due to exposed metal on the die side.
Shorting can be caused by, for example, anisotropic con-
ductive paste (ACP), which is composed of particles that
can lay across exposed conductors of a severed saw
bow.
[0031] In some saw bow applications, the shorting
problem was overcome by expanding spacing between
the legs of a saw bow conductive path exiting from a
device die from 2 mm to 20 mm. But as die size gets
smaller, providing a large enough gap between the legs
of a saw bow becomes dimensionally very difficult, if not
impossible, and can be expensive in terms of area ded-
ication.
[0032] As mentioned above, one technique for dicing
silicon wafers is a laser-based technique called stealth
dicing. Stealth dicing is a two-stage process in which de-
fect regions are introduced into the wafer by scanning a
laser beam along intended cutting lines and secondly a
carrier membrane underlying the wafer is expanded to
cause the wafer to fracture along the cutting lines. The
first step involves using a laser having a wavelength
adapted to the electronic bandgap of silicon, where max-
imum absorption of the laser is adjusted through the use
of optical focusing. That is, the laser beam is optically
focused onto a point inside the semiconductor wafer. De-
fect regions of about 10 mm width are inscribed along the
intended dicing lines, where the beam can be focused at
different depths of the wafer. A fracture is induced along
the 10 mm defect region by radially expanding the carrier
membrane to which the wafer is attached. Cleavage
along the defect region initiates at the bottom of the wafer
and advances to the surface. Due to the 10 mm defect
region, however, stealth dicing becomes more difficult
for smaller sized dies using smaller width dicing lanes.
[0033] Plasma dicing employs deep silicon etch tech-
nology to singulate dies from wafers. The technology pro-
vides high quality results, design flexibility, and dices the
entire wafer at the same time without die size sensitivity.
Plasma dicing can employ a dry etch process in which
areas of a wafer left unmasked are attacked by a plasma.
Process gases are used to etch exposed dicing lane ma-
terial and to control the vertical profile of the cut in the
dicing lane. Plasma dicing can be performed to partially
or completely remove all exposed silicon in the dicing
lane. An advantage of the plasma dicing process over a
stealth dicing process is that for certain techniques a
width of the cut can be as small as 4 mm, as compared
to 10 mm for stealth dicing.
[0034] One drawback of a plasma dicing process is
that the speed of a plasma etch process is limited by the
smallest regions within which etching is performed. Thus,
a small region between saw bow "leg" conductors can
slow down the entire dicing process. While a wider gap

5 6 



EP 3 754 694 A1

5

5

10

15

20

25

30

35

40

45

50

55

in the saw bow loop serves to alleviate this issue, there
are negatives with providing a large gap between saw
bow legs, as discussed above. Embodiments of the
present invention reduce the gap in the saw bow loop to
the point that no etching is performed within the loop,
thereby eliminating the small region limitation.
[0035] By not etching within the saw bow loop, a region
that includes dicing lane material and saw bow conduc-
tors will be mechanically broken during the die singulation
process. Embodiments of the present invention provide
a technique for shaping the metal conductors of the saw
bow so that the conductors break in a predictable location
in order to avoid shorting or otherwise providing access
to device die electronics through the saw bow path.
[0036] Figure 1 is a simplified block diagram illustrating
a portion of a semiconductor wafer 100 with individual
integrated circuit dies formed thereon. In current tech-
nology, wafer diameters of 150 mm, 200 mm, and 300
mm are common. Semiconductor wafers of these dimen-
sions can be processed to include hundreds to thousands
of possible die per wafer (PDPW), depending upon the
nature the circuitry provided by the semiconductor device
die and the nature of the processing technology used in
manufacturing the semiconductor devices. The semicon-
ductor wafer comprises a semiconductor substrate that
can be any semiconductor material or combinations of
materials, such as gallium arsenide, silicon germanium,
silicon-on-insulator (SOI), silicon, monocrystalline sili-
con, the like, and combinations of the above. Figure 1
illustrates a repeating set of semiconductor device die
110. During processing, dicing lanes (120, 130) are pro-
vided between each formed semiconductor device die.
Upon completion of the integrated circuits in the dies,
and testing thereof, the individual dies are singulated
from the semiconductor wafer and each other die. Sin-
gulation processes, such as those described above, are
performed along saw lines 125 and 135 in dicing lanes
120 and 130, respectively.
[0037] Die 110 include examples of saw bows extend-
ing across the dicing lanes. Saw bow 140 electrically cou-
ples circuitry within device die 110 to a test pad 145 lo-
cated on a surface of device die 110. During device test,
a probe can be brought into contact with test pad 145,
for example, to provide testing signals to integrated cir-
cuits within device die 110, to read information from those
integrated circuits, or to provide instructions or data to a
memory within device die 110. Test pad 145 can be
formed using metallization techniques known in the art,
such as sputtering and photolithography. Saw bow 150
can be used to electrically couple integrated circuits with-
in device die 110 for testing purposes (e.g., mode select
for test). The electrical paths of both saw bow 140 and
150 are designed to be severed during singulation of de-
vice dies 110 from wafer 100.
[0038] Saw bows 140 and 150 are extensions of a met-
al layer formed within device die 110, which can be
formed through a combination of deposition and pattern-
ing techniques, as known in the art. The metal layer can

include any conductive material, such as, but not limited
to aluminum, aluminum-tin, copper, platinum, palladium,
iridium, tantalum, titanium, tungsten, or any metal alloy,
nitride or silicide thereof. The saw bows extend from a
first device die region (e.g., 110), across the dicing lane
(e.g., 120), and into the seal ring (not shown) of a neigh-
boring device die region (e.g., 112). Seal rings are stress
protection structures around integrated circuits and pro-
tect the internal circuit inside semiconductor chips from
damage caused by the sawing of the semiconductor
chips from wafers. Typical seal rings are usually formed
of interconnected metal layers, dielectric layers between
the metal layers, and connecting vias electrically coupling
the metal layers.
[0039] Figures 2A, 2B, and 2C illustrate concerns with
a saw bow severing process using plasma dicing for prior
art structures. As illustrated in Figure 1, device die 110
has a saw bow 150 extending from a side of the device
die through a dicing lane 120 and into device die region
112. Dicing lane 120 can include a dicing lane material
210 that includes wafer substrate material, such as sili-
con or germanium. Saw bow 150 has conductive legs of
a width of 2 mm extending across dicing lane 120 to a
loop conductor that is 20 mm long, resulting in a 20 mm
space between the conductive legs. With such a loop
structure, plasma etching for the dicing process occurs
in dicing lane areas 220, 230, and 240. During the etching
process, the dicing lane material is removed from dicing
lane areas 220, 230, and 240. As discussed above, as
the space between the conductive legs is reduced, a time
to conduct the etching process for area 230 will increase.
Thus, a spacing is chosen to optimize an amount of time
to perform the etching process for the plasma dicing.
[0040] Figure 2B illustrates results of the plasma dicing
after singulation of die 110 from wafer 100. As illustrated,
a small amount of dicing lane material 210 remains on
the surface of device die 110 facing the region where
dicing lane 120 was located, as well as on surfaces of
the severed saw bow. Saw bow 150 is severed into die-
side pieces 250 and loop-side piece 260. As discussed
above, singulating device die 110 using a plasma dicing
process requires breaking apart the metal in the saw bow
because that material is not etched. The breaking of the
metal can result in exposed areas of metal 270 and 275.
Breakage can occur unpredictably on either the die side
or the loop side. Avoiding electrical shorts between ex-
posed metal on the die side is one reason why a large
space of 20 mm is provided between the legs of saw bow
150. But as discussed above, with smaller die sizes a 20
mm space can be impractical.
[0041] Figure 2C is a cross section of the saw bow
region of the dicing lane after the etching process of the
plasma dicing. As illustrated, saw bow 150 is an exten-
sion of one of the metal layers of die 110. The saw bow
extends across dicing lane 120 and into device die region
112. Saw bow 150 extends into the seal ring region 285
of device die region 112, incorporating metal layers 280.
In area 230, the etching process has removed the silicon
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material of the dicing lane to the metal of the saw bow
conductor. In addition, as illustrated in Figure 2B, the
dicing lane material is etched beyond the metal layer with-
in the saw bow loop.
[0042] Figures 3A and 3B illustrate additional concerns
with a saw bow severing process using plasma dicing for
smaller saw bow dimensions. As illustrated in Figure 2A,
device die 110 has a saw bow 150 extending from a side
of the device die through a dicing lane 120 and into device
die region 112. Saw bow 150 has conductive legs of a
width of 0.3 mm extending across dicing lane 120 to a
loop conductor that is 2 mm long, resulting in a 2 mm
space between the conductive legs. With such a loop
structure, plasma etching for the dicing process occurs
in dicing lane areas 320 and 340. During the etching proc-
ess, the dicing lane material is not removed from a dicing
lane area within the saw bow because this dimension is
too small for efficient etching.
[0043] Figure 3B illustrates results of the plasma dicing
after singulation of die 110 from wafer 100. A small
amount of dicing lane material 210 remains on the sur-
face of device die 110 facing the region where dicing lane
120 was located, as well as on surfaces of the severed
saw bow and the interior area of the remnants of the saw
bow. Saw bow 150 is severed into die-side pieces 350
and loop-side piece 360. Again, singulating device die
110 requires breaking apart the metal in the saw bow
because that material is not etched and also the dicing
lane material within the saw bow region. This breaking
can result in exposed areas of metal 370 and 375. While
breakage can occur unpredictably on either the die side
or the loop side, Figure 3B illustrates breakage occurring
on the die side.
[0044] The narrow gap between the saw bow die-side
pieces 350 can result in an electrical short (e.g., by con-
ductive dust released by the singulation process) and
thereby defeating the purpose of the saw bow. Embodi-
ments of the present invention provide a saw bow that
will not sever with exposed metal on the die side, thereby
avoiding the shorting problem.
[0045] Figures 4A and 4B illustrate a saw bow config-
ured to predictably break to expose metal on the loop
side of the bow subsequent to plasma etching, in accord
with one embodiment of the present invention. A device
die 410 has a saw bow 450 extending from a side of the
device die through a dicing lane 120 and into a neigh-
boring device die area 412. Saw bow 450 has conductive
legs extending across dicing lane 120 to a loop conductor
that is 2 mm long. As with Figure 3A, plasma etching for
the dicing process occurs in dicing lane areas 420 and
440, but not between the conductive legs of the saw bow.
[0046] Each conductive leg of saw bow 450 is config-
ured to be wider toward the loop end of the saw bow
(e.g., region 455) with width W3 and narrower toward the
device die end of the saw bow (e.g., region 458) having
width W1. Widening the saw bow conductor in area 455
increases the tensile strength of the saw bow in that re-
gion, while narrowing the saw bow conductor in area 458

decreases the tensile strength of the saw bow metal in
that region. Therefore, the widening of the saw bow metal
toward the loop end of the saw bow makes the saw bow
less likely to break at that end during mechanical sepa-
ration after plasma dicing. Likewise, the narrowing of the
saw bow metal toward the die end of the saw bow makes
the saw bow more likely to break at that end during me-
chanical separation. Embodiments are not restricted by
regions 455 and 458 having either curved or straight
sides, as long as the narrowest width region (W1) is
where breakage of the saw bow upon singulation is tar-
geted. A region between regions 455 and 458 has a width
W2 that is between that of W1 and W3. As with Figure
3A, in one embodiment, the width of the saw bow legs is
approximately 0.3 mm in the region between regions 455
and 458.
[0047] Figure 4B illustrates results of plasma dicing af-
ter singulation of die 410 from a wafer. As above, small
amount of dicing lane material 415 remains on the sur-
face of device die 410 facing the region where dicing lane
120 was located, as well as on surfaces of the severed
saw bow and the interior area of the remnants of the saw
bow. Saw bow 450 is severed into die-side pieces 460
and loop-side piece 455. Again, singulating device die
410 requires breaking apart the metal in the saw bow
because that material is not etched and also the dicing
lane material within the saw bow region. As discussed
above, saw bow 450 is configured to break in the region
where the metal is narrowed 458 (i.e., where the tensile
strength is lowest). The severed saw bow leaves ex-
posed metal 470 on the loop side, while the die-side piec-
es of saw bow 460 are hidden by holes in dicing lane
material 415 on that side. Since the die-side pieces of
saw bow 460 are covered by the dicing lane material, the
likelihood of a short between these two pieces is much
less likely than the result of Figure 3B.
[0048] Figures 5A and 5B illustrate another saw bow
configuration designed to predictably break to expose
metal on the loop side of the saw bow subsequent to
plasma etching, in accord with one embodiment of the
present invention. Device die 510 has a saw bow 550
extending from a side of the device through dicing lane
120 and into neighboring device die area 512. Saw bow
550 has conductive legs extending across dicing lane
122 a loop conductor that is 2 mm long from the middle
of the two conductive legs. As with Figure 4A, plasma
etching for the dicing process occurs in dicing lane areas
520 and 540, but not between the conductive legs of the
saw bow.
[0049] As with Figure 5A, each conductive leg of saw
bow 550 is configured to be wider toward the loop end
of the saw bow (e.g., region 555) having a width of W3
and narrower toward the device die end of the saw bow
(e.g., region 558) having a width W1. Saw bow 550 is
also configured to be stronger at the loop side (in and
near device die area 512), providing a larger amount of
metal material in area 555 to help ensure that no metal
remains exposed on the die side. Figure 5A further illus-
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trates that embodiments of the present invention are not
limited to a particular shape of the thickened or thinned
metal, but instead can be adapted to appropriate designs
to take advantage of varying tensile strength of the ma-
terial in accord with a particular application. In the illus-
trated embodiment, a width W2 of a conductive leg in-
creases linearly in region 555 from width W1 to width W3,
forming an isosceles triangle shape in region 555. But
embodiments are not limited to a linear increase in con-
ductor width in this region, and can be shaped, for ex-
ample, as a curve. Further, a width W4 of the loop end
of the saw bow can be as thin as W1 or larger than W3.
[0050] Figure 5B illustrates results of plasma dicing af-
ter singulation of die 510 from a wafer. Again, a small
amount of dicing lane material 515 remains on the sur-
face of device die 510 facing the region where dicing lane
120 was located, as well as on surfaces of the severed
saw bow and the interior area of the remnants of the saw
bow. Saw bow 550 is severed into die-side pieces 560
and loop side piece 555. Saw bow 550 is targeted to
break in the region where the metal is narrowest (e.g.
region 558 with width W1). The severed saw bow leaves
some exposed metal 570 on the loop side, while the die-
side pieces of saw bow 460 are hidden by holes in dicing
lane material 515 on that side. As with Figure 4B, the die-
side pieces of saw bow are covered by the dicing lane
material and therefore there is a low likelihood of a short
between saw bow pieces 560.
[0051] Figure 6A and 6B illustrates vertical saw bow
configuration designed to predictably break to expose
metal on the loop side of the saw bow subsequent to
plasma etching, in accord with an embodiment of the
present invention. Figure 6A provides a cross section of
a dicing lane 620 adjacent to a die 610 and a die 612.
Saw bow 650 is vertically constructed in the dicing lane
to electrically couple circuit paths in two metal layers 651
and 653. Saw bow legs 652 and 654 are extensions of
die metal layers 651 and 653, respectively. Saw bow loop
side is constructed to electrically couple the two saw bow
legs through the use of a via 655, for example. This cou-
pling occurs within a seal ring region 670 of die 612. Fig-
ure 6B illustrates the plan view of the vertical saw bow,
where only the top saw bow leg is visible. The top saw
bow leg has a narrow region 656 having a width W1 and
a wider region 658 having a maximum width W3 similar
to that illustrated for Figure 5A, with an increasing width
W2 in region 658. As with the previously discussed saw
bow embodiments of the present invention, saw bow 650
is configured to break along the narrower, die side of the
saw bow, leaving potentially exposed metal on the loop
side.
[0052] By now it should be appreciated that there has
been provided a semiconductor wafer having a plurality
of semiconductor device die arranged in a grid pattern.
The semiconductor wafer includes a first semiconductor
device die and a second semiconductor device die that
neighbors the first semiconductor device die in the grid
pattern and is separated from the first semiconductor de-

vice die by a dicing lane. The first semiconductor device
die includes one or more metal layers. A metal layer of
the one or more metal layers includes a first conductor
extending from a side of the first semiconductor device
die into the dicing lane and extending toward the second
semiconductor device die, entering the second semicon-
ductor device die, and ending in or near a seal ring of the
second semiconductor device die. The first conductor is
formed such that a first region of the first conductor lo-
cated nearer to the first semiconductor device die in the
dicing lane has a lower tensile strength than a second
region of the first conductor located nearer to the second
semiconductor device die.
[0053] In one aspect of the above embodiment, the
semiconductor wafer further provides: the metal layer in-
cluding a second conductor extending from the side of
the first semiconductor device die into the dicing lane and
extending toward the second semiconductor device die,
entering the second semiconductor device die, and end-
ing in or near the seal ring of the second semiconductor
device die; the second conductor is formed such that a
first region of the second conductor located nearer to the
first semiconductor device die has a lower tensile
strength than a second region of the second conductor
located nearer to the second semiconductor device die;
the second conductor is approximately parallel to the first
conductor and about a same length from the first semi-
conductor device die as the first conductor; and, the metal
layer further includes a third conductor that electrically
couples the first conductor to the second conductor at
the ends of the first and second conductors in the second
semiconductor device die. In a further aspect, a distance
between the first conductor and the second conductor is
about 2 mm.
[0054] In another aspect of the above embodiment, the
semiconductor wafer further provides: the first semicon-
ductor device die including another metal layer of the one
or more metal layers; the other metal layer includes a
second conductor extending from the side of the first
semiconductor device die into the dicing lane and ex-
tending toward the second semiconductor device die, en-
tering the second semiconductor device die, and ending
in or near the seal ring of the second semiconductor de-
vice die; the second conductor is formed such that a first
region of the second conductor located nearer to the first
semiconductor device die has a lower tensile strength
than a second region of the second semiconductor lo-
cated nearer to the second semiconductor device die;
the second conductor is approximately parallel to the first
conductor and about a same length from the first semi-
conductor device die as the first conductor; the second
conductor is located above the first conductor; and, a
third conductor electrically couples the first conductor to
the second conductor at the end of the first and second
conductors in the second semiconductor device die. In
a further aspect the third conductor is a metal-filled via.
[0055] In another aspect of the above embodiment, the
first conductor is formed such that the first region of the
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first conductor has a lower tensile strength than the sec-
ond region of the first conductor by virtue of the first con-
ductor having a narrower width in the first region than the
second region. In a further aspect, the first conductor
includes a third region between the first and second re-
gions, the third region has a width of approximately 0.3
mm, and the first region has a width of 85% or less than
that of the third region. In still a further aspect, the second
region has a width greater than 0.3 mm. In yet another
aspect of the above embodiment, the first conductor is
formed such that the first region of the first conductor has
a lower tensile strength than the second region of the
first conductor by virtue of the second region of the first
conductor including an approximate shape of an isosce-
les triangle, a base of the isosceles triangle is the end of
the first conductor nearer to the second semiconductor
device die, the base of the isosceles triangle is approxi-
mately three times a width of the first conductor in the
first region, and a tip of the isosceles triangle is subsumed
within the first conductor toward the first region.
[0056] A method of providing a saw bow to a semicon-
ductor device die on a wafer is provided by another em-
bodiment of the present invention. The method includes
forming a first semiconductor device die that has one or
more metal layers, forming a second semiconductor de-
vice die neighboring the first semiconductor device die
in a grid pattern where the second semiconductor device
die is separated from the first semiconductor device die
by a dicing lane, forming a first conductor extending from
a side of the first semiconductor device die into the dicing
lane and toward the second semiconductor device die
where the first conductor includes a first region located
nearer to the first semiconductor device die and a second
region located nearer to the second semiconductor de-
vice die, and forming the first conductor such that the first
conductor includes a lower tensile strength in the first
region than the second region. The first conductor is cou-
pled to a metal layer of the one or more metal layers. The
first conductor ends in or near a seal ring of the second
semiconductor device die.
[0057] In one aspect of the above embodiment, the
method further includes forming a second conductor ex-
tending from a side of the first semiconductor device die
into the dicing lane and toward the second semiconductor
device die where the second conductor includes a first
region located nearer to the first semiconductor device
die and a second region located nearer to the second
semiconductor device die, forming the second conductor
such that the first conductor includes a lower tensile
strength in the first region than the second region, and
forming a third conductor that electrically couples the first
conductor to the second conductor at the ends of the first
and second conductors in the second semiconductor de-
vice die. The second conductor is coupled to the metal
layer and the second conductor ends in or near the seal
ring of the second semiconductor device die.
[0058] In another aspect of the above embodiment the
first semiconductor device die includes another metal lay-

er of the one or more metal layers and the method further
includes forming a second conductor extending from a
side of the first semiconductor device die into the dicing
lane and toward the second semiconductor device die
where the second conductor includes a first region locat-
ed nearer to the first semiconductor device die and a
second region located nearer to the second semiconduc-
tor device die, forming the second conductor such that
the first conductor includes a lower tensile strength in the
first region than the second region, forming the second
conductor such that the second conductors above the
first conductor and approximately parallel to the first con-
ductor and about the length of the first conductor, and
forming a third conductor to electrically couple the first
conductor to the second conductor at the end of the first
and second conductors in the second semiconductor de-
vice die. The second conductors coupled to the other
metal layer, the second conductor ends in or near the
seal ring of the second semiconductor device die. In a
further aspect, the third conductor is a metal-filled via.
[0059] In another aspect of the above embodiment,
said forming the first conductor such that the first con-
ductor includes a lower tensile strength in the first region
than the second region further includes forming the first
conductor to have a narrower width in the first region than
in the second region. In a further aspect, said forming
the first conductor to have a narrower width in the first
region than in the second region further includes forming
the first conductor to include a third region between the
first and second regions where the third region has a
width of approximately 0.3 mm, and forming the first re-
gion to have a width of about 0.256 mm.
[0060] In still another aspect of the above embodiment,
said forming the first conductor further includes forming
the second region of the first conductor to an approximate
shape of an isosceles triangle. A base of the isosceles
triangle is the end of the first conductor nearer to the
second semiconductor device die. The base of the isos-
celes triangle is about three times a width of the first con-
ductor in the first region. A tip of the isosceles triangle is
subsumed within the first conductor toward the first re-
gion. In another aspect of the above embodiment, the
method further includes etching wafer material from the
dicing lane to perform plasma dicing of the first semicon-
ductor device die from the second semiconductor device
die, and subjecting the first conductor to a tensile force
after said etching where the tensile force is sufficient to
break the first conductor in the first region.
[0061] Another embodiment of the present invention
provides a semiconductor device die having integrated
circuitry implemented in one or more metal layers. The
semiconductor device die includes a first conductor ex-
posed within a recess formed in a first sidewall of the
semiconductor device die, where the first conductor has
a first width. The semiconductor device die includes a
second conductor exposed at a surface of a second side-
wall of the semiconductor device die opposite to the first
sidewall. The second conductor has a second width that
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is larger than the first width. In one aspect of the above
embodiment, the semiconductor device die further in-
cludes a third conductor exposed within another recess
formed in the first sidewall of the semiconductor device
die. In a further aspect, the first and third conductors are
formed within a same metal layer of the semiconductor
device die. In another further aspect, the first and third
conductors are formed within different metal layers of the
semiconductor device die.
[0062] Another embodiment of the present invention
provides a semiconductor wafer having a plurality sem-
iconductor device die arranged in a grid pattern. The sem-
iconductor wafer includes a first semiconductor device
die region including one or more metal layers and a sec-
ond semiconductor device die region, neighboring the
first semiconductor device die region in the grid pattern
and separated from the first semiconductor device die
region by a dicing lane. A first layer of the one or more
metal layers of the first semiconductor device die region
includes a first conductor extending from a side of the
first semiconductor device die region into the dicing lane
and extending toward the second semiconductor device
die region, entering the second semiconductor device
die region, and ending in or near a seal ring of the second
semiconductor device die region. A second layer of the
one or more metal layers of the first semiconductor device
die region includes a second conductor extending from
a side of the first semiconductor device die region into
the dicing lane and extending toward the second semi-
conductor device die region, entering the second semi-
conductor device die region, and entering in or near a
seal ring of the second semiconductor device die region.
The first and second conductors are formed such that
first regions of the first and second conductors have a
lower tensile strength than second regions of the first and
second conductors. The first regions of the first and sec-
ond conductors are located in the dicing lane nearer to
the first semiconductor device die region than the second
semiconductor device die region. The second regions of
the first and second conductors are located in the dicing
lane nearer to the second semiconductor device die re-
gion than the first semiconductor device die region. The
second conductor is approximately parallel to the first
conductor.
[0063] In one aspect of the above embodiment, the
first and second layers are a same layer of the one or
more metal layers and the semiconductor wafer further
includes a third conductor that couples ends of the first
and second conductors in the second semiconductor de-
vice die region. In another aspect of the above embodi-
ment, the first and second layers are different layers of
the one or more metal layers and the semiconductor wa-
fer further includes the second conductor located over
and above the first conductor, and a metal filled via elec-
trically coupling the first and second conductors in the
second semiconductor device die region. In still another
aspect of the above embodiment, the first and second
layers are different layers of the one or more metal layers

and the semiconductor wafer further includes a third con-
ductor formed in the semiconductor device die region,
and metal-filled vias coupling the third conductor to each
of the first and second conductors.
[0064] The above structures and methods of making
those structures provide a mechanism to reduce shorting
of severed saw bow conductors subsequent to singula-
tion of device die from a wafer. By reducing the tensile
strength of the conductors in a region close to the device
die from which the saw bow extends, breakage can more
predictably occur in an area protected by insulating ma-
terial, thereby preventing conductive material from caus-
ing a short between the remnants of the saw bow con-
ductors.
[0065] Because the apparatus implementing the
present invention is, for the most part, composed of elec-
tronic components and circuits known to those skilled in
the art, circuit details will not be explained in any greater
extent than that considered necessary as illustrated
above, for the understanding and appreciation of the un-
derlying concepts of the present invention and in order
not to obfuscate or distract from the teachings of the
present invention.
[0066] Moreover, the terms "front," "back," "top," "bot-
tom," "over," "under" and the like in the description and
in the claims, if any, are used for descriptive purposes
and not necessarily for describing permanent relative po-
sitions. It is understood that the terms so used are inter-
changeable under appropriate circumstances such that
the embodiments of the invention described herein are,
for example, capable of operation in other orientations
than those illustrated or otherwise described herein.
[0067] It is further noted that the term "neighboring" as
used herein means "adjacent to" (e.g., next to and without
an intervening object), and "laterally" as used herein
means "in a sideways direction" (e.g., a horizontal direc-
tion that is parallel to a plane of the substrate).
[0068] As used herein, the terms "approximately" and
"about" mean a value close to or within an acceptable
range of an indicated value, amount, or quantity, which
also includes the exact indicated value itself.
[0069] As used herein, the terms "substantial" and
"substantially" mean sufficient to achieve the stated pur-
pose or value in a practical manner, taking into account
any minor imperfections or deviations, if any, that arise
from usual and expected process abnormalities that may
occur during wafer fabrication, which are not significant
for the stated purpose or value.
[0070] Although the invention is described herein with
reference to specific embodiments, various modifications
and changes can be made without departing from the
scope of the present invention as set forth in the claims
below. For example, the shape of the conductive legs of
the saw bow are not limited to those shapes illustrated
in the figures, but instead should be sufficient to reduce
the tensile strength of the conductors in the region de-
sired for breaking. Accordingly, the specification and fig-
ures are to be regarded in an illustrative rather than a
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restrictive sense, and all such modifications are intended
to be included within the scope of the present invention.
Any benefits, advantages, or solutions to problems that
are described herein with regard to specific embodiments
are not intended to be construed as a critical, required,
or essential feature or element of any or all the claims.
[0071] The term "coupled," as used herein, is not in-
tended to be limited to a direct coupling or a mechanical
coupling.
[0072] Furthermore, the terms "a" or "an," as used
herein, are defined as one or more than one. Also, the
use of introductory phrases such as "at least one" and
"one or more" in the claims should not be construed to
imply that the introduction of another claim element by
the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim element to inventions
containing only one such element, even when the same
claim includes the introductory phrases "one or more" or
"at least one" and indefinite articles such as "a" or "an."
The same holds true for the use of definite articles.
[0073] Unless stated otherwise, terms such as "first"
and "second" are used to arbitrarily distinguish between
the elements such terms describe. Thus, these terms are
not necessarily intended to indicate temporal or other
prioritization of such elements.

Claims

1. A semiconductor wafer having a plurality of semi-
conductor device dies arranged in a grid pattern, the
semiconductor wafer comprising:

- a first semiconductor device die;
- a second semiconductor device die, neighbor-
ing the first semiconductor device die in the grid
pattern and separated from the first semicon-
ductor device die by a dicing lane; and
- a first conductor extending from a side of the
first semiconductor device die into the dicing
lane and extending toward the second semicon-
ductor device die, entering the second semicon-
ductor device die, and ending within a seal ring
region of the second semiconductor device die,
wherein the first conductor is formed such that
a first region of the first conductor located nearer
to the first semiconductor device die in the dicing
lane has a lower tensile strength than a second
region of the first conductor located nearer to
the second semiconductor device die.

2. The semiconductor wafer of Claim 1 further compris-
ing:

- a second conductor extending from the side of
the first semiconductor device die into the dicing
lane and extending toward the second semicon-
ductor device die, entering the second semicon-

ductor device die, and ending within the seal ring
region of the second semiconductor device die,
wherein
the second conductor is formed such that a first
region of the second conductor located nearer
to the first semiconductor device die has a lower
tensile strength than a second region of the sec-
ond conductor located nearer to the second
semiconductor device die, and
the second conductor is parallel to the first con-
ductor; and
- a third conductor that electrically couples the
first conductor to the second conductor at the
ends of the first and second conductors within
the seal ring region of the second semiconductor
device die.

3. The semiconductor wafer of Claim 2, wherein a dis-
tance between the first conductor and the second
conductor is about 2 mm.

4. The semiconductor wafer of Claim 2 or 3, wherein
the first and second conductors are within a same
metal layer of one or more metal layers implemented
on the semiconductor wafer.

5. The semiconductor wafer of Claim 2 or 3, wherein
the first and second conductors are within different
metal layers of one or more metal layers implement-
ed on the semiconductor wafer, and
the second conductor is located above the first con-
ductor.

6. The semiconductor wafer of any preceding Claim,
wherein the first conductor is formed such that the
first region of the first conductor has a lower tensile
strength than the second region of the first conductor
by virtue of the first conductor having a narrower
width in the first region than the second region.

7. The semiconductor wafer of Claim 6, wherein
the first conductor comprises a third region between
the first and second regions,
the third region has a width of approximately 0.3 mm,
and
the first region has a width of 85% or less than that
of the third region.

8. The semiconductor wafer of Claim 7, wherein the
second region has a width of greater than 0.3 mm.

9. The semiconductor wafer of any preceding Claim,
wherein the first conductor is formed such that the
first region of the first conductor has a lower tensile
strength than the second region of the first conductor
by virtue of
the second region of the first conductor comprising
an approximate shape of an isosceles triangle,
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a base of the isosceles triangle is the end of the first
conductor nearer to the second semiconductor de-
vice die,
the base of the isosceles triangle is approximately
three times a width of the first conductor in the first
region, and
a tip of the isosceles triangle is subsumed within the
first conductor toward the first region.

10. A method of providing a saw bow to a semiconductor
device die on a wafer, the method comprising:

- forming integrated circuitry within one or more
metal layers on a wafer, wherein
the integrated circuitry is arranged in a grid pat-
tern of a plurality of device die regions including
a first semiconductor device die region and a
second semiconductor device die region, and
the first semiconductor device die region is sep-
arated from the second semiconductor device
die region by a dicing lane; and
- forming a first conductor extending from a side
of the first semiconductor device die region into
the dicing lane and toward the second semicon-
ductor device die region, wherein
the first conductor is coupled to a metal layer of
the one or more metal layers,
the first conductor ends within a seal ring region
of the second semiconductor device die region,
the first conductor comprises a first region locat-
ed nearer to the first semiconductor device die
region and a second region located nearer to
the second semiconductor device die region,
and
the first conductor comprises a lower tensile
strength in the first region than the second re-
gion.

11. The method of Claim 10 further comprising:

- forming a second conductor extending from a
side of the first semiconductor device die region
into the dicing lane and toward the second sem-
iconductor device die region, wherein
the second conductor is coupled to the metal
layer,
the second conductor ends within the seal ring
of the second semiconductor device die region,
the second conductor comprises a first region
located nearer to the first semiconductor device
die region and a second region located nearer
to the second semiconductor device die region;
the second conductor comprises a lower tensile
strength in the first region than the second re-
gion; and
- forming a third conductor to electrically couple
the first conductor to the second conductor at
the ends of the first and second conductors in

the seal ring of the second semiconductor de-
vice die region.

12. The method of Claim 10 or 11, wherein the first sem-
iconductor device die region comprises another met-
al layer of the one or more metal layers, the method
further comprising:

- forming a second conductor extending from a
side of the first semiconductor device die region
into the dicing lane and toward the second sem-
iconductor device die region, wherein
the second conductor is coupled to the other
metal layer,
the second conductor ends in or near the seal
ring of the second semiconductor device die re-
gion,
the second conductor comprises a first region
located nearer to the first semiconductor device
die and a second region located nearer to the
second semiconductor device die,
the second conductor comprises a lower tensile
strength in the first region than the second re-
gion;
the second conductor is above the first conduc-
tor and approximately parallel to the first con-
ductor and about the length of the first conduc-
tor; and
- forming a third conductor to electrically couple
the first conductor to the second conductor in
the seal ring of the second semiconductor de-
vice die region.

13. The method of Claim 12, wherein the third conductor
is a metal-filled via.

14. The method of any one of Claims 10 to 13, wherein
said forming the first conductor such that the first
conductor comprises a lower tensile strength in the
first region than the second region further comprises:

- forming the first conductor to have a narrower
width in the first region than in the second region.

15. The method of any one of Claims 10 to 14, further
comprising:

- etching wafer material from the dicing lane to
perform plasma dicing of the first semiconductor
device die from the second semiconductor de-
vice die region; and
- subjecting the first conductor to a tensile force
after said etching, wherein the tensile force is
sufficient to break the first conductor in the first
region.
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